A b s t r a c t Q fever is an infectious zoonotic disease characterized by sudden fever, headache, and atypical pneumonia, caused by Coxiella burnetii -an obligatory intracellular parasite. Based on phylogenetic analysis of the genes sequences, the classification was changed and C. burnetii species was included to the gamma subgroup of the proteobacteria, Legionellales order and Coxiellaceae family. is analysis showed more than 99% sequence similarity of 16SrRNA gene among the strains isolated in di erent regions of the world. Q fever is a widespread in the world zoonosis. Its main reservoir in the rural environment are farm animals: cows, sheep, goats, and urban pets such as dogs, cats, rabbits. In acute infection these bacteria are detected in various internal organs such as lungs, liver, spleen, and in excretion in urine, faeces and milk. During childbirth, they occur in large number in the amniotic uid and placenta. Recently, it has been found that free-living amoeba Acanthamoeba castellani may also be a reservoir of the pathogen. e intra-amoebal location of C. burnetii cells was observed.
Introduction
Q fever is an infectious zoonotic disease characterized by sudden fever, headache, and atypical pneumonia, caused by Coxiella burnetii -an obligatory intracellular parasite. For the first time the disease was recognized in 1935 and described in 1937 by Derrick, when he studied an unknown disease outbreak among abattoir workers in Brisbane,Australia (Derrick, 1937) .
e predominant symptom was a fever of unknown origin (called "query"). Isolation of etiologic agent attempts failed, but transfer of infection to guinea pig was successful. For this reason, it was thought that the disease was caused by unknown viruses (Burnet and Freeman, 1937) . Two years a er the outbreak, bacterial etiology was discovered by Burnet and Freeman (Burnet and Freeman, 1938) . ey injected guinea pigs with blood and urine of Derrick's patients and observed the presence of intracellular Gram-negative organisms morphologically similar to Rickettsia sp. in stained spleen cells preparations. In 1938, Cox developed a method of culture in chicken embryos, which allowed to isolate the bacterial strains and to investigate them (Cox, 1941) .
Classification of Coxiella burnetii
Initially the microorganism was named Rickettsia burnetii, because of the characteristic features of all Rickettsia species. ey are small Gram-negative coccoid rods. ey are absolute intracellular parasites and can be cultivated in laboratory animals, chicken embryos or cell lines. In vertebrates infection involves reticulo-endothelial, vascular endothelial cells or erythrocytes. C. burnetii bacteria were found in the gut and haemolymph of ticks, suggesting that they are a natural vector as for other rickettsiae (Rehacek and Tarasevich, 1988) . Currently, ticks are considered to be a reservoir in the environment.
In 1948 Philip proposed to create a new genus of Coxiella and classify the bacteria as a new species Coxiella burnetii (the name in honour of the discoverers - Cox and Burnet) .
Until the 90s, this organism had been classified as alpha subgroup of proteobacteria, order Rickettsiales, and together with the genera Rickettsia and Rochalimea as Rickettsiaceae family. At the end of the nineties, a small subunit of rRNA was sequenced and determined for representative strains of six species of the family Rickettsiaceae: Rickettsia rickettsii (ATCC VR 891), Rickettsia prowazekii (strain Breinl), Rickettsia typhi (strain Wilmington), Coxiella burnetii (strain Q177), Ehrlichia risticii (ATCC VR 986), and Wolbachia persica (ATCC VR 331). e relationships among these sequences and those of other eubacteria (about 100 sequences of purple bacteria group) show that three representatives of the genus Rickettsia form a tight monophyletic cluster within the alpha subdivision of the purple bacteria. E. risticii also belongs to the alpha subdivision and shows a distant relationship to the genus Rickettsia. Sequencing DNA fragment of rRNA gene revealed that C. burnetii and W. persica are members of the gamma subdivision and they show a specific, although distant relationship to the genus Legionella (Weisburg et al., 1989) . is phylogenetic study was based on one C. burnetii strain only. In the next study, fragments of 16SrRNA gene (about 95%) from six strains were sequenced. Five of these strains were isolated from humans (strains: Q212, MEI1, ME5, MAC12, ME6) and one from tick (Nine Mile). ey represented di erent pathogenic characteristic and geographic origin (USA, Canada, France). Based on phylogenetic analysis of these genes sequences, the classification was changed and C. burnetii species was included to the gamma subgroup of the proteobacteria, Legionellales order and Coxiellaceae family. is analysis showed more than 99% sequence similarity of 16SrRNA gene among the strains isolated in di erent regions of the world. e result of the study has shown the presence of one species only within the genus Coxiella (Stein et al. 1993) .
Biology of Coxiella burnetii

Morphology
C. burnetii is a pleomorphic, Gram-negative small rod with a diameter of 0.2-0.4 µm wide and 0.4-1.0 µm length. In life cycle, the bacteria occur in two forms: the "large cell variant" (LCV) which are a vegetative intracellular form and "small cell variant" (SCV), which are spore-like forms. ey are distinguished by morphology of the cell and peptidoglycan content in the cell wall. LCV reach 1 µm and are characterized by irregular shape, loose nucleoid structure and granular or filamentous cytoplasm. e size of the SCV varies between 0.2 and 0.4 µm, and is characterized as a rod shape with thick wall and highly condensed chromatin.
It has been observed by Coleman that transition from LCV to SCV occurs in host cells phagosomes in acidic environment conditions of pH = 4.8. is process has been monitored in cells in vitro. During the first two days of intracellular growth, transformation of SCV to LCV takes place. e number of LCV cells dominates during the four days of rapid growth phase (time between cell division of about 10 hours). Stationary phase begins approximately at 6 day a er infection. In this phase the process of the reappearance of SCV also begins. eir number increase at 8 day a er infection.
It was estimated that among 675 of C. burnetii proteins, a few dozen of them are involved in the process of sporulation. Measuring the intensiveness of proteins synthesis in SCV and LCV, it was established that the synthesis of 48 proteins increased twice or more during the formation of LCV. Fi een of them have been identified by mass spectrometry.
ey are responsible mostly for bacterial physiological activity. ese activities include: transcription (N utilization protein -NusA), translation (ribosomal proteins RpsA and RplI and elongation factor EF-Tu), cell division (cell division protein FtsZ), chromosome partitioning (segregation and condensation protein ScpB and chromosome partitioning protein ParB), ribo avin biosynthesis (synthase RibH), and protein folding (60-kDa chaperone GroEL and chaperone protein HtpG). Synthesis of 6 other proteins increased in the SCV phase including proteins involved in outer membrane stability TolB, GTP binding protein (Era), cystathionine beta-lyase (MetC). ey are mainly involved in processes of cell resistance to environmental conditions (Coleman et al., 2004; Coleman et al., 2007) . e process of sporulation and the formation of SCV, was observed in vivo with electron microscopy (Avakyan et al., 1983; McCaul et al., 1981; McCaul et al., 1994) . C. burnetii presented pleomorphism with occuring of both cell types. A spore-like formation was observed in large vegetative cells. e process began at the polar regions of the LCV and appearing SCV were identified by high density of core, membrane-like structures, peptidoglycan and trilaminar outer membrane (McCaul et al., 1994) .
Decreased metabolic activity, condensed chromatin and thick wall of SCV determine resistance to physical and chemical factors. ese features makes them capable to live in the external environment. In this form the bacteria are able to survive for 30 days at the 4°C, and at 60°C for one hour. eir survival in milk at 63°C for 30 minutes or 74°C for 15 seconds has been also observed. ey are resistant to biocides such as lysol 5%, formalin 5%, sodium hypochloride 0.5%, sodium hydroxide 5% or ammonium chloride 10% (Babudieri, 1959; Scott and Williams, 1990) . Capacity of spore formation, determined the resistance to adverse environmental conditions. In nature, C. burnetii bacteria can survive two years in animal feces, six months in dried blood and a month in dried urine (Kishimoto et al., 1979) .
Cell wall of C. burnetii
As Gram-negative bacteria, C. burnetii show a typical cell wall structure, characteristic for that group of microorganisms consisting of the cell wall with outer membrane. e wall contains the peptidoglycan layer which is composed of N-acetylmuramic acid, N-acetylglucosamine, D-alanine, D-glutamic acid, and mesodiaminopimelic acid. e outer membrane includes a complex of lipopolysaccharide (LPS) (Amano and Williams, 1984) .
Regardless of the morphological LCV and SCV forms, C. burnetii demonstrate antigenic variation of LPS chemical composition, similar to that observed in the Enterobacteriaceae family. ese variations determine the form of the bacterial cells in phase I or phase II. Phase I is the natural form, occurring in infected animals and humans and is characterized by high infectivity. Phase II is not very infectious and occurs in laboratory conditions a er passages in cell lines or chicken embryos.
e O-antigenic polysaccharide of phase I LPS is composed of galactosaminuronyl-alpha-(1,6)-glucosamine disaccharide and two other unique sugars: 6-deoxy-3-C-methyl-gulose (virenose) and dihydroxystreptose 3-C-(hydroxymethyl)-lyxose (Amano et al., 1984; Schramek et al., 1985; Slabá et al., 2003) . ey are located at the O-polysaccharide terminus and are responsible for antigenic specificity. Attachment sites of phase I-specific sugars to the LPS II-core are: the 3-position of a branched heptose and, presumably, the 4-position of a terminal D-mannose (Mayer et al., 1988) . Additionally, it contains D-mannose, D-glucose D-glyceromannoheptose, glucosamine, ethanolamine acid, 3-deoxy-D-mannooctulose and 9 other unidentified compounds also (Amano et al., 1984) .
Phase II LPS is a reduced form and does not contain branched sugar chains. Reducing processes of the LPS chain are regulated at the genome level. Deletions in the chromosomal DNA occur in the region containing genes essential for process of LPS biosynthesis, including genes of epimerase, dehydratase, glycosyl transferases, or primary production virenose C-methyltransferase gene.
e composition of this region also includes genes responsible for synthesis pyruvate dehydrogenases and adenosyl sulfotransferases. ese molecular changes appear during passages in cell lines or in chicken embryos (Hoover et al., 2002; Denison et al., 2007) .
Phase I LPS of C. burnetii cells is responsible for their virulence. It a ects the phagocytosis process of monocytes and macrophages. It stimulates α v β 3 integrin to transform it into an active form, allowing adhesion of the pathogen to the surface of monocyte as the first step of phagocytosis. It also causes conversion of F-actin into the fibrillar form in macrophages, which leads to the formation of cytoplasmic pseudopodia surrounding bacterial cells (Honstettre et al., 2004) . Both processes are stimulated by creation a complex with Toll-like receptor 4 (TLR4). Such complexes also stimulate the production of IFN-γ and TNF cytokines which are essential in the early immune response to the infection.
A er successfully evading host defense mechanisms, C. burnetii bacteria are able to inhibit apoptosis to survive and to multiply inside the cells. C. burnetii infection a ects the expression of multiple apoptosisrelated genes and resulting in increased synthesis of the antiapoptotic proteins such as A1/B -1 (member of Bcl-2 family antiapoptotic proteins), c-IAP2 (inhibitors of apoptosis protein family member -IAP), prosurvival kinases Akt and Erk1/2 (extracellular signal-regulated kinases 1 and 2). C. burnetii infection of THP-1 human macrophage-like cells caused increased levels of phosphorylated c-Jun, Hsp27, Jun N-terminal protein kinase, and p38 protein. is pathogen can interfere with the intrinsic cell death pathway during infection by producing proteins that either directly or indirectly prevent release of cytochrome c from mitochondria. Voth and Heinzen, 2009; Lührmann and Roy, 2007) . C. burnetii bacteria may inhibit the process of apoptosis in the host cells for at least 4 weeks .
is phenomen can permit bacteria to survive intracellularly in the host and to develop chronic disease.
Genome of C. burnetii
C. burnetii possesses a small chromosome of 5 Mbp in size, and one to five plasmids of 30-51 kbp, which contained about 2% of the genetic information. So far, 2134 gene sequences have been identified. ese genes are involved in adhesion, invasion, intracellular trafficking, host modulation and other virulence-related functions. Among all detected gene sequences, 719 (33.7%) have no homologues of gene sequences known in other bacteria and enclosed in genetic databases.
ese hypothetical genes may be responsible for functions important in the unique developmental cycle of C. burnetii. Genome analysis has also revealed the presence of numerous mobile elements and pseudogenes which are the dysfunctional relatives of genes that have lost their protein-coding ability. It indicates the ongoing process of genome reduction (Seshadri et al., 2003) .
However, there is only one species within Coxiella genus, the diversity of clinical symptoms indicates di erences in the pathogenicity of isolated strains. Recently their heterogeneity and association of particular strains with acute disease were investigated with molecular genotyping techniques.
In nineties of the XX century determination of plasmid profiles allowed to distinguish five types of C. burnetii (types named as plasmids): QpH1, QpRS, QpDV, QpDG and plasmidless type. Initially, it made possible to identify pathogenicity, since particular types were observed among strains isolated from patients with acute or chronic Q fever.
Subsequently restriction fragment length polymorphism (RFLP) analysis of chromosomal and plasmid DNA distinguished six genomic groups (I to VI). ese groups correlate well with plasmid profiles and they are points of reference for new molecular methods for characterizing C. burnetii strains (Hendrix et al., 1991, Nguyen and Hirai, 1999) (Table I) .
Plasmids QpH1, in size of 36 kbp occur in strains of genomic groups I to III in one to three copies in the cell and are mainly associated with acute infection. Group I includes strains: Nine Mile RSA 493, Australia QD RSA435, California 33 RSA329, Ohio 314 RSA270, Dyer RSA345, group II includes Henzerling RSA331 and M44 RSA459, and group III includes Idaho Goat Q195, Koka. Plasmid QpRS was detected in strains of group IV isolated from miscarrying goats and from humans with endocarditis (MSU Goat Q177, Priscilla Q177, Canada Goat Q218, K Q154, P Q173, F Q228). Plasmid QpDV in size of 30 kbp, is also isolated from patients with acute and chronic Q fever (Valkova and Kazár, 1995) . Plasmidless strains (Scurry Q217, Q229, G212, L Q216) belong to the V group and contain homo logous to the QpRS sequences, located in chromosomal DNA. Plasmid QpDG (42 kbp) is characteristic for the genomic group VI isolates, from rodents and cattle (Dugway 7E22-57, Z257, Z3027) and from patients with both acute and chronic Q fever (Hendrix et al., 1991; Mallavia, 1991; Willems et al., 1993) . It was shown that this plasmid is almost identical with the plasmid QpH1 (Jäger et al., 2002) . Analysis of genomic DNA with pulsed field gel electrophoresis (PFGE) showed greater variation and allowed the distinction of 20 groups of C. burnetii strains . e first four groups correspond to previously described genomic groups: I, IV, V and VI. is method showed phylogenetic relatedness of bacteria occurring in the same parts of the world, but there was no correlation between the di erent groups separated in the PFGE analysis and virulence. Pathogens isolated from patients with acute or chronic Q fever have the same restriction profile.
Sequencing of the whole genome of C. burnetii (strain Nine Mile) in 2003, allowed the introduction of genotyping this organism by MST (multispacer sequence typing). Selected region of 16/23S ribosomal DNA, is used in the genotyping of many other bacteria. Based on the sequencing of 10 di erent parts of the region, among the 173 previously characterized strains, 34 geno types sequence types (ST) from ST1 to ST34 were distinguished and divided into three phylogenetically homogeneous groups. is classification corresponds to the groups established by plasmid DNA analysis.
e first group (containing the strains with the plasmids QpRS and/or QpDV) includes types of ST1-ST10 and ST26, ST28, ST30, ST31. e second group (with plasmid QpH1) are the types: ST11-ST20, ST22, ST25, ST27, ST29, ST32, ST33. e third group include ST21 only (QpH1 or plasmidless strains). In all groups, there are strains isolated in Europe, North America, Asia and Africa. MST show that the same sequence types can occur in distant parts of the world. For example, ST16 strains were isolated on four continents. It may be the proof of its spread with infected humans, animals and their products or ticks. is method has shown the correlation between ST1, ST4, ST16, ST18 and acute Q fever, and correlation between ST8 and chronic form of disease (Glazunowa et al. 2005) .
C. burnetii reservoir and mode of transmission
Q fever is a widespread in the world zoonosis. Its main reservoir in the rural environment are farm (Babudieri, 1959) . It has been shown that 1-10 bacterial cells (Ormsbee et al., 1978) can cause Q fever in human.
e environmental reservoir of C. burnetii are wild animals: mammals, birds, reptiles and also ticks. Antibodies and/or DNA of the pathogen was found in deer, mou on, coyotes, foxes, raccoons, mice and rabbits (Barandika et al., 2007 , McQuiston and Childs, 2002 , Ruiz-Fons et al. 2008 , Dorko et al., 2009 , Stein and Raoult, 1999 . Migratory birds may carry microorganisms over long distances, even in areas previously known as free of Q fever (Ionnou et al., 2009) . C. burnetii was also isolated from the liver and spleen of turtles, snakes and lizards. Potential source of infection for the snakes are infected small rodents (Yadav and Sethi, 1979) . Ticks are vital reservoir in natural environment. C. burnetii bacteria were detected in more than 40 tick's species, mainly in those belonging to the genus Ixodes, Rhipicephalus, Amblyomma, and Dermacentor. Moreover, ticks may play a role of a vector of Q fever. C. burnetii bacteria have the ability to penetrate their digestive tract and multiply in epithelial cells of the intestine and in the midgut. Bacteria can be transmitted from feeding tick with excreted feces which contaminate fur of animals. Next C. burnetii is transmitted to healthy individuals with a dust or aerosol. Tick's participation in the epidemiological process in many cases is limited to the passive spread of the pathogen in the environment and is not a necessary link in the epidemical chain Rehacek and Tarasevich, 1988) . All these data indicate that C. burnetii has no specific reservoir in the environment, and that they can provide all vertebrates.
Recently, it has been found that free-living protozoa amoeba Acanthamoeba castellani may also be a reservoir of the pathogen. is is a cosmopolitan protozoan occurring in fresh water, damp soil and air. e intra-amoebal location of C. burnetii cells was observed by microscopy. A er 3 days of cultivation, bacteria were found in vacuoles within the amoebae in a large cell variant form. Bacteria were not found free in cytoplasm. Viable bacteria were seen for 18 days and a er that time some of them appeared as sporelike forms demonstrating the ability of C. burnetii to undergo di erentiation process within amoebae. ese results indicate that free-living amoebae could be an intracellular niche for the spore formation and survival of C. burnetii in the environment (La Scola and Raoult, 2001 ) e bacteria spread in the environment a er delivery by infected animals and they could be ingested by soil amoebae. en they can di erentiate into a spore-like forms inside, and the infected amoebae can be transmitted with the wind. Q fever was observed in areas distant for several kilometres from the farms with infected animals. ese cases were the result of the C. burnetii carried with the dust by the mistral blowing from infected areas (Tissot- TissotDupont et al., 2004) .
Human infection could occur through the inhalation of infected amoebae as it has been described in the epidemiology of Legionella pneumophila -closely related phylogenetically to C. burnetii (Greub and Raoult, 2004) . In addition these two pathogens have some other common features. Legionella can be cultured in living protozoa (Rowbotham, 1983) and C. burnetii is cultured in di erent eukaryotic cell lines (Gouriet et al., 2005) . During infection of humans both of these pathogens multiply in alveolar macrophages inside a phagosome. L. pneumophila and C. burnetii are the only two bacteria known today to utilize a type-IVB secretion system for pathogenesis. is system play an important role in creating the specialized vacuole that supports C. burnetii replication within the host cell (Segal et al., 2005) . All known intracellular species (including both pathogens) have common evolutionary origin confirmed by detection of over 200 ortholog genes. Moreover, C. burnetii and L. pneumophila obviously may exchange genes in the amoebas with other bacteria (Gimenez et al., 2011) .
Implication of ability to intracellular existence in free living amoebas, may be transmission of the Q fever agent by air conditioning as it has been observed in Legionella infections. is etiology should be analyzed if atypical pneumonia appears among patients exposed to such system. For the first time the role of air conditioning as a potential source of a Q fever was established in 2005 in Israel. Infection was detected among 322 students and employees eating in dining room of local urban school (Amitai et al., 2010) .
e route of infection can determine clinical symptoms of Q fever (Marrie et al., 1996) . e main route of C. burnetii transmission from animals to humans is the inhalation of contaminated aerosols. Less important is oral route of infection. Consumption of raw milk and its products but also tobacco smoking, have been reported as a risk factor of disease (Fishbein and Raoult, 1992; Hatchette et al., 2001) .
Transmission among humans through sexual contacts has been described Tylewska-Wierzbanowska et al., 1996) . is route of infection was also confirmed experimentally in mice. From intraperitoneal infected male mice, spermatozoa 86 were isolated and examined with electron microscopy. C. burnetii formed agglomerations of spermatozoa with bacteria attached to their heads and leukocytes. Infection was transmitted by sexual contact from infected male mice to uninfected female mice. is was confirmed by humoral response to the antigens of both phases (Kruszewska and Tylewska-Wierzbanowska, 1991; 1993) . ese findings suggested hypothesis of the sexual transmission of Q fever in artificially inseminated cattle. Such hypothesis was confirmed by examination of serum and semen samples from bulls suspected to be infected with C. burnetii. Among seropositive bulls, viable bacteria have been detected in semen with indirect immuno uorescence assay and strains of C. burnetii have been isolated (Kruszewska and TylewskaWierzbanowska, 1997) .
Other than sexual transmission from man to man may occur sporadically. Such infections have been described during autopsy from necropsy material, by blood transfusion and a er contact with infected parturient woman Rehacek and Tarasevich, 1988) Clinical course of disease Q fever shows a wide range of acute and chronic manifestations.
e incubation time is 1-3 weeks. About 60% of infected persons are asymptomatic. e others have a non-specific in uenza-like illness with fever, headache, sweats, non productive cough, myalgias and arthralgias in acute phase of infection. Most of them develop atypical pneumonia confirmed with the chest radiograph and/or hepatitis. In patients with hepatitis, the liver biopsy reveals di use granulomatous changes, and blood testing shows high levels of alkaline phosphatase and transaminases. About 5% of infected patients required hospitalization due to respiratory distress or hepatitis (Tissot Dupont et al., 1992; . Infection of the central and peripheral nervous system is reported as a rare feature and manifests as a meningitis, meningoencephalitis, Guillain-Barre syndrome.
e majority of patients present with severe headache, confusion, psychiatric disturbances, peripheral neuropathies and neurological deficits. Cranial nerve palsy and blurred vision is observed less frequently. Small pleocytosis and elevated protein levels are detected in cerebrospinal uid in approximately 30% of these patients (Bernit et al., 2002; Ko eridis et al., 2004 , Ong et al. 2010 . Rare manifestations of acute Q fever a ect cardiovascular system (myocarditis and pericarditis) and skin. Myocarditis is usually asymptomatic and is detected only in the electrocardiogram (T wave inversion, ST elevation). It can be accompanied by arrhythmia, tachycardia and hypoxemia leading to severe cardio-vascular disorders in some cases (Chevalier et al., 1997; Vogiatzis et al.,
2008; Fournier et al., 2001
). Pericarditis is manifested as a pain in the chest. It is o en not recognized due to similar symptoms accompanying atypical pneumonia (Levy et al., 1999 , Bautista-Hernandez et al., 2004 . In 5-21% of patients can also be observed macular or papular rash on the skin .
Chronic Q fever occurs in less than 1% of cases. It is developed months or years a er infection, and a ects mainly patients with the mitral or aortic valve defects, with vascular diseases or immune defect. Myocarditis (60-70%) and vascular infections (about 9%) are the most common manifestation in the chronic form of disease (Botelho-Nevers et al., 2007, Maurin and Varma et al., 1980) . Clinical forms range from asymptomatic to congestive heart failure with mortality of about 30-40% (Fennolar et al., 2006; Karakousis et al., 2006) . Death rate has decreased to 5% over the past 10 years due to better diagnosis and the introduction of treatment with several antibiotics simultaneously .
e second most common form of chronic Q fever are vascular infections of large blood vessels. Serious sequels occur in patients with aortic aneurysm or vascular gra s. Infection with C. burnetii may lead to massive hemorrhage from the wall of the aneurysm or from the anastomosis. Mortality among these patients reaches 25% (Botelho-Nevers et al., 2007; Ellis et al., 1983; Sessa et al., 2005) .
Rare manifestations involve liver, osteoarticular and respiratory systems. Chronic hepatitis has been reported mainly as a concomitant symptom with chronic myocarditis (Westlake et al., 1987) . In some individuals it may be the only manifestation of chronic Q fever and can be confirmed by detection of high levels of antibodies to phase I antigen (Yebra et al., 1988) .
Osteoarthritis is diagnosed mainly in children. In ammation of the hip joint, lumbar sopondylitis, discitis and osteomyelitis have been reported (Cottalorda et al., 1995; Ortolá et al., 1992; Raoult et al., 1989) . Bronchial tumors may occur in respiratory system as a result of long-lasting pneumonia. Cumulation of monocytes in the alveolar closes bronchioles lumen.
is mechanism has been observed in the histopathological examination of pulmonary tissue (Janigan and Marrie, 1983) .
ere are a few data on the consequences of Q fever during pregnancy. In untreated women is associated with high fetal mortality. Normal outcome and a healthy child at delivery had only 18.9% of monitored untreated women. So far congenital teratogenic defects in children of untreated mothers have not been observed. Infection with C. burnetii can cause premature delivery (44.7% of cases), abortion (26% of cases), intrauterine fetal death intrauterine growth retardation. C. burnetii penetration of the placenta and fetus infection in utero 87 are well documented. e bacteria colonize and multiply in the uterus, placenta and mammary glands. It leads to placenta insufficiency following vasculitis and thrombosis (Stein and Raoult, 1998) .
Infection during pregnancy is associated with higher risk of developing chronic form of the disease and spontaneous abortions in the future. Q fever can also be activated during the next pregnancy, and therefore patients require regular monitoring and long-term cotrimoxazole therapy (Carpocino et al., 2009; Raoult et al., 2002) . It has been proved that a late sequel of acute Q fever may be chronic fatigue syndrome also (Ayres et al., 1996) .
Q fever is uncommon in children. e main clinical symptoms are pneumonia with pleural e usion, meningitis, rarely hepatitis (with elevated transaminases) and hemolytic-uremic syndrome. Fever is ascertained in all infected ones and it lasts for 10 days. About half of a ected children complain of headache, abdominal pain, nausea, and fatigue (Maltezou et al., 2004) .
Treatment of Q fever
Treatment of acute Q fever should be started within the first 3 days of diseases. e drugs of choice are tetracycline (4 × 500 mg), primarily doxycycline (2 × 100 mg), administered for 14 days. An alternative for tetracyclines are uoroquinolones (3 × 200 mg) for 14-21 days, or pe oxacin (400 mg) administered 14-2 days (Raoult, 1993; . Fluoroquinolones alkalinizes the phagolysosomes of infected host cells and could be used in patients with Q fever meningoencephalitis considering their good penetration to cerebrospinal uid. E ective treatment were also observed a er macrolides applications. Clinical studies have shown that erythromycin administered in doses of 500 mg every 6 hours for 10 days, is e ective. Comparing duration of treatment with erythromycin, clarithromycin, roxithromycine or β-lactam antibiotics with doxycycline, normalization of body temperature was longer on the average of one day in groups of patients treated with clarithromycin (2 × 500 mg), erythromycin (3 × 500 mg) and roxithromycin, and by nearly 3 days longer in patients receiving β-lactams (Gikas et al., 2001) Chronic Q fever (myocarditis) requires a long treatment with tetracycline (months and years) and is one of the longest duration of antibiotic therapy in bacterial diseases. O en the treatment leads to failure or relapse (Ellis et al., 1983) . Combined treatment, including tetracycline with lincomycin, co-trimoxazole with tetracycline or rifampicin with tetracycline (Tobin et al., 1982 , Varma et al., 1980 does not give the expected results. Despite the use of them for several years C. burnetii was isolated from valves. Good therapeutic results were obtained using a combination of doxycycline with o oxacin. Mortality decreased to about 5%, however, proportion of relapses was still high (64%). is proportion dropped to 14% a er the 18 months treatment with doxycycline (2 × 100 mg) and chloroquine (3 × 200 mg) . is scheme is currently recommended in the treatment of chronic Q fever. In clinical cases, in which of chloroquine is contraindicated, doxycycline (2 × 100 mg) with o oxacin (3 × 200 mg) for at least 3 years is administered (Fennolar et al., 2006; 
Sensitivity of C. burnetii to antibiotics
Antibiotic sensitivity has been studied in animal models, chicken embryos and cell lines (Baca and Yeaman, 1991; Raoult, 1991; Spicer et al., 1981) . Animal models were used for testing sensitivity to antibiotics in acute infection only.
In these studies resistance to streptomycin treatment to infected guinea pigs has been proved. In in vitro studies, the antibiotics in uence on the growth of C. burnetii in chicken embryos was examined. Extension of survival time was revealed in infected embryos a er administration of antibiotics. It was found that rifampicin, doxycycline, oxytetracycline and trimethoprim are e ective but their use has shown a bacteriostatic e ect against C. burnetii infection only. Tested strains demonstrated also the resistance to penicillin, aminoglycoside, erythromycin, clindamycin and cephalotin (Spicer et al., 1981) .
With the development of cell lines culture techniques it was possible to use them to determine sensitivity of the bacteria to antibiotics. e study was conducted in line L-929 (mouse fibroblasts) freshly (few days) and chronically (over 100 days) infected with di erent strains of C. burnetii. Antibiotics labeled with isotopes were added to infected cultures and their accumulation in bacterial cells was measured (Baca and Yeaman, 1991) . It was shown, that in vitro C. burnetii strains isolated from chronic Q fever patients, exhibit significant di erences in reaction to tetracycline, rifampicin and uoroquinolones. Priscilla strain, has been shown a significant resistance to these antibiotics, comparing to the "S" isolate which was much more sensitive in chronically infected cells (300 days). e "S" strain was significantly more resistant to doxycycline and cipro oxacin compared to the acute Q fever-implicated Nine Mile strain. eir sensitivity to antibiotics was found to be moderate in fresh infected (22 days) cell culture. It suggests that C. burnetii isolates, which may be responsible for the clearly di erent Q fever symptoms exhibit a spectrum of antibiotic sensitivity ranging from very sensitive acute-implicate Nine Mile strain, to moderately susceptible chronic-implicated "S" isolate, and to moderately resistant chronic-implicated Priscilla isolate (Yeaman and Baca, 1990 ).
It has been demonstrated that bacteriostatic activity of doxycycline, could be changed into bactericidal, by the adding of amantadine or chloroquine to the fresh infected cell line. ey raised the pH of infected cells and improve the efficiency of doxycycline Raoult et al., 1999) . e machanisms of antibiotic resistance are poorly characterized. Genome-based studies have shown that the main mechanism of C. burnetii resistance to uoroquinolones is based on mutations in genomic quinolone-resistance-determining region (QRDR). About 15 bacterial proteins are involved in these cellular processes (Vranakis et al., 2011) . e best known mechanism is that caused by nucleotide mutation in DNA gyrase encoding genes (gyrA and gyrB) and topoisomerase IV genes (in subunits: parC and parE), leading to an amino acid substitution (Vranakis et al., 2010) .
Q fever in Europe
In Europe for the first time Q fever was detected in Greece during the World War II. C. burnetii strain was isolated in guinea pig injected with the blood of a patient infected during an outbreak in Athens in 1943. e disease resembling in uenza, has been named by Germans a "Balkan Grippe". In the years 1944 and 1945 epidemics of Q fever occurred among U.S. troops stationed in Italy and at Corsica. A er World War II, an endemic +area of Q fever in Europe represented Portugal, Spain, southern France, Italy, Switzerland, southern Germany, Slovakia, Great Britain, the Balkans and the southern part of the USSR. In central Europe the source of infection for humans mainly were cattle and sheep, and in southern Europe goats (Rehacek et al., 1988) . Until the eighties of the 20 th century Q fever was reported as a local outbreaks or sporadic cases (Marrie et al., 1988; Marrie et al., 1986; Meiklejohn et al., 1981; Salmon et al., 1982; Spelman, 1982; Tissot Dupont et al., 1992) .
At the turn of the centuries, besides local foci, major outbreaks with large number of infection cases have occurred (Lyytikäinen et al., 1998; Panaiotov et al., 2009; Dupuis et al., 1987; King et al., 2011; Carrieri et al., 2002) . is phenomen is related to change sin animal farm organization and their structure. Because of the great demand for goat milk products, the number of herds of these animals has increased. Intensive breeding and transport of goats between farms favor the spread of infection among these animals. e cause of the pathogen spread among humans is the use of goat feces as a natural fertilizer close to the towns and transport the animals through the densely populated urban areas (Enserink et al., 2010) .
For the first time, that process was observed in Bulgaria in nineties of the twentieth century. Greater demand for goat milk products, caused that the number of goats tripled and replaced cattle and sheep as the main source of human C. burnetii infections. Hundreds of serologically confirmed human cases of acute Q fever have occurred and chronic disease as endocarditis were also observed (Serbezov et al. 1999) . Since 2007 in the Netherlands the largest Q-fever epidemic ever reported has been lasting up today. During 2007-10 over 4,000 human cases have been recorded, with 14 deaths. e main reason of the epidemic is the increase in the intensity of goat breeding. e number of those animals has quadrupled since 1995 to more than 350 thousand. Geographically, farms are located o en close together. Transport of goats between them through densely populated areas facilitating spread of C. burnetii in environment. Genetic typing with VNTR (variable-number tandem repeat analysis) has shown that animals and humans are infected by a single subtype suggesting its better propagation than others. Additionally, animal vaccination is not e ective. ese are the probable reasons of the spread of the epidemic (Speelman, 2010; Tillburg et al., 2012) .
e proximity of large numbers of people not related to livestock production in contact with infected animals is another cause of large outbreaks. Such two foci occurred in Germany in 2003 and 2005. In the first one, 299 patients were registered. e source were infected sheep sold in the local market visited by large number of customers. In the second one (331 patients), infected sheep were grazed a few dozen meters away from housing developments (Gilsdorf et al., 2008; Porten et al., 2006) .
Q fever in Poland
Two sources of the outbreaks have been observed in Poland: the import of infected animals or their products and natural domestic foci (Anusz, 1995 , Anusz et al., 1996 , Chrzanowski et al. 1960 . In 1956 the first outbreak of Q fever was recorded in Owczary near Gorlice (south-eastern Poland). In April and May 63 persons were a ected and among tested 35 cases were confirmed with serology. Epidemiological investigations revealed that the source of infection was a sheep ock imported from Romania (Lutyński, 1956) . Tested wool samples from these animals were the source of the secondary outbreaks in laboratory of Zootechnical Institute in Kraków (20 cases) and National Institute of Hygiene in Warsaw (17 cases). In 1962 Q fever in the furrier factory was reported. Twenty six persons were infected, and the source of infection were skins from American sheep (Gawron and Wagner, 1962) . In 1985 Q fever outbreak occurred in Olsztyn region in the factory of leather industry. Five persons were hospitalized in this outbreak. (Stempień et al., 1985) . In 1992 Q fever was recognized among 18 workers of a tannery in Malopolska voivodship (southern Poland). Antibod-89 ies to C. burnetii were detected in all 18 individuals who had been in contact with fells imported from Mongolia . ese fells were contaminated with infected ticks From 1956 until 2005 several domestic outbreaks of Q fever were described (Anusz et al., 1986; Mikołajczyk et al., 1986; Tylewska-Wierzbanowska et al., 1993; .
In 1983 an epidemic of Q fever among humans and animals was recognized near Zamość (Lubelskie voivodship in eastern Poland). More than one thousand people showed high levels of antibodies and C. burnetii strains were isolated from human as well as cow placentas. Epidemiological investigations did not detect the source of infection and there was no any import of animals or their products to this region (Mikołajczyk et al., 1986) . In 1985 the focus of Q fever was found in the Bialowieza primeval forest (eastern Poland) among bisons, cattle and sheep. (Anusz et al., 1991b) . A serological survey in small mammals revealed the presence of specific antibodies in mice, rats, shrews, field-voles in the Olsztyn region in north-eastern Poland (Anusz et al., 1991a). C. burnetii caused outbreaks in 1985 and 1986 in two farms in olsztyńskie voivodship. In one of them, among 686 person examined for the presence of C. burnetii antibodies, 11% were seropositive. Specific antibodies were also found in 19% of tested cattle. Rodents were not infected.
ese results suggested the existence of a natural C. burnetii reservoir (Anusz et al. 1986 ). Circulation of the pathogen in the environment was first confirmed in 1989 by isolation of C. burnetii from the tick Ixodes ricinus found in this focus (Anusz et al., 1996) .
From 1973 to 1991 a serological survey of Q fever among cattle and sheep has been performed in Wielkopolska voivodship (western Poland). From 1973 to 1985 over 28 thousands blood samples derived from cattle and sheep have been tested. All were seronegative. In 1986 the first seropositive cattle were found (5.5%) and in the next year the percentage increased to 16.3%. In 1988 serum antibodies to C. burnetii were detected in 25.9% cattle. At the same time sheep living in the neighborhood were free of infection. In the consecutive years, the percentage of seropositive animals decreased and in 1991 was only 3.2%. In this time, a serological survey was performed among individuals who had professional contact with the animals. In southern Wielkopolska, among 4214 persons tested, 34.4% were seropositive. From 1988 to 1991, in the central part of this region, antibodies to C. burnetii have been detected in 22.7% of 6396 people tested. In the next years, the percentage uctuated from 16.6 to 34.7% (TylewskaWierzbanowska et al. 1991; 1993) In 1992 an outbreak of Q fever was detected at a farm in Dolnoslaskie voivodship (southern Poland).
e disease was recognized serologically in 25 persons (27 tested). It was found that C. burnetii infection spread among cattle and these animals were the source of infection for humans . e source in those epidemics was unclear. ere was no any import of animals at that time. e only probable source of infection could be imported bull semen contaminated with C. burnetii bacteria. Outbreak invastigation confirmed transmission of Q fever by artificially insemination of cattle (Kruszewska et al., 1997) .
In 1993 several cases of Q fever were observed among people living in various regions of the country. Epidemiological investigations revealed that the infected patients were seasonal workers employed during the shearing time in Spain. Specific serum antibodies reached the titer 512 and C. burnetii strains were isolated from the urine and semen of 2 patients. At the same time symptoms of the disease and increased levels of specific serum antibodies were detected in their wives who remained in Poland and had no any contact with the animals. Transmission among humans through sexual contact was confirmed. Since the other family members have not shown infectious symptoms, sexual transmission was postulated Tylewska-Wierzbanowska et al., 1996) .
MST analysis of C. burnetii strains isolated in Poland between the sixties and the eighties of the 20 th century, showed that all of them represent ST18 (sequence type), although MLVA typing showed their genotypic heterogeneity. Strain isolated in 1956 from sheep belongs to unique MST pattern ST16 which have never been recognized later in Poland (Chmielewski et. al., 2009) . It suggests that this imported strain was e ectively eliminated due to sanitary procedures applied. is particular strain did not spread later on Polish territory, even though it is known that C. burnetii strains with ST16 profile occur in Europe (Romania, Germany and France) as well as on other continents. It has been established, that ST18 and ST16 types appear in strains isolated from patients with acute form of the disease and they have never been present in strains isolated from chronic Q fever cases. ere is a wide variety of isolated strains in countries neighboring with Poland. In Germany there are at least six sequence types, and in Slovak Republic at least three (ArricauBouvery et al., 2006) . From 2005 From to 2010 , five Q fever outbreaks have been recognized in southern Poland. Over sixty human cases have been reported. ese outbreaks demonstrate that the source of infection for humans are infected cattle (in press). In 2007 epidemiological study was carried out in Poland to determine prevalence of C. burnetii antibodies in the 48 herds of goats located in di erent parts of the country. e survey did not revealed antibodies to C. burnetii in tested animals (Czopowicz et al., 2010) .
So far, there have been no reported goat-to-human transmissions of C. burnetii in Poland.
All human cases diagnosed to this time, represented acute form of infection. Chronic Q fever cases (endocarditis) in previous and recent Q fever outbreaks have not been reported (Hryniewiecki et al., 2001) . It is not clear whether this was the result of the low pathogenicity of circulating strains or low detection of human cases and notification of the disease. In the newest study, the presence of C. burnetii DNA has been shown in heart valves and in the myocardium of malfunctioning human hearts. e obtained results indicate that among patients with cardiac diseases, infections caused by C. burnetii could occur and should be obligatorily tested (Mączka et al., 2011) .
